ABSTRACT Commercial broiler males were used to evaluate body temperature response to heat stress and its relationship to gain, feed consumption, and feed conversion ratio. Individual gain, feed consumption, and feed conversion ratio were obtained from 28 to 49 d in a heat stress environment (32 C) and compared to a 21 C environment. Body temperatures were measured at 28, 35, and 42 d, then daily from 43 to 48 d, and correlated with 28 to 49 d gain, feed consumption, and feed conversion ratio. Feather cover was measured at 51 d of age as a percentage of BW. Initial 28-d body temperature was not significantly different between 21 and 32 C. Body temperature was significantly higher in the 32 C environment after 7 d of heat stress and was significantly higher than at 21 C at all points through 21 d of heat stress, with mean differences ranging from 0.5 to 1.0 C. Feather weight as a percentage of BW was significantly greater in the 21 C environment (6.22%) than the 32 C environment (5.03%). Mortality was not affected by the heat stress environment. Correlations between body temperature and gain, feed consumption, and feed conversion ratio were low and nonsignificant for most periods in the 21 C environment. In the 32 C environment, body temperature was significantly correlated with gain, feed consumption, and feed conversion ratio after 7 d of heat stress, with mean correlations of -0.40 for gain, -0.31 for feed consumption, and 0.24 for feed conversion ratio in Replicate 1 and -0.44 for gain, -0.40 for feed consumption, and 0.43 for feed conversion ratio in Replicate 2.
INTRODUCTION
Genetic variation in response to heat stress has been shown to exist between breeds (Fox, 1951 (Fox, , 1980 as well as among sire and dam families (KheirEldin and Shaffner, 1954) for mortality rates as well as for the bird's ability to control increases in body temperature (Lee et al., 1945) . After four generations of divergent selection for survival time of White Leghorn lines at 40.6 C, Wilson et al. (1975) reported that survival time of the lines had diverged by 28 min. Wilson and Plaister (1951) observed that day-old White Leghorn chicks had lower mortality than New Hampshires when exposed to 37.7 C.
To optimize feed utilization and body weight gains for the growout of broiler chickens on litter, environmental temperature should be near 21 C (Reece and Deaton, 1971) . The body temperature of the adult fowl is normally in the range of 41 to 42 C and significant increases in body temperature occur when environmental temperatures increase significantly (Donkoh, 1989) . Wilson (1948) found that the individual variation in body temperature was greater at higher air temperatures. Berman (1973) found no correlation between a bird's temperature in the morning and later times in the day and that morning cloacal temperatures were correlated with growth rate in only one group of experimental birds. However, growth rate was correlated significantly with the diurnal fluctuation in cloacal temperature in all groups. The variation in thermoregulatory ability accounted for 31 to 71% of the total variation in growth rate. Washburn et al. (1980) found a negative phenotypic correlation between body size and resistance to heat stress conditions in growing chickens, which would indicate that if heat stress tolerance were to be measured, differences in BW would need to be included in the analysis.
Depressed growth rate and decreased feed consumption of birds grown in higher temperature environments have been reported in many studies over a number of years using many genetic groups (Wilson 1948; Suk and Washburn, 1995) . Reports on the effect of environmental temperature on efficiency of feed utilization are not as definitive. Several studies (such as Suk and Washburn, 1995) have shown decreased efficiency of feed utilization with increased environmental temperatures; some studies, such as that of Stilborn et al. (1988) , reported no 3 Digital Type E, Cole Palmer Instrument Co., Chicago, IL 60648. significant effects of heat stress on efficiency of feed utilization, whereas other studies, such as that of Deaton et al. (1968) , reported that feed utilization was improved under hot environmental temperatures. Deaton et al. (1972) reported that the effect of heat stress on efficiency of feed utilization varied with age. Deaton et al. (1968) and Donkoh (1989) , using environmental temperatures similar to those of the present study (up to 32 C), found that environmental temperature did not affect mortality, but a significant increase in mortality was observed by Vo et al. (1977) when the environmental temperature was increased to 37.8 C.
A number of studies have been conducted on the effect of differences in feather cover between breeds (including naked neck and featherless populations), on economic traits. Cahaner et al. (1993) using a naked neck line back-crossed to commercial broiler lines, found that decreased feather cover increased BW gains in a normal temperature and reported an increased advantage in high temperature environments of decreased feather cover associated with the naked neck gene. Hancock et al. (1995) estimated that feather weight made up 0.062 and 0.050% of the mature BW of female and male broilers, respectively; however, no differences between the broiler strains used were observed. Brake et al. (1993) found that feather weight as a percentage of BW changed with age from 28 to 49 d. The present experiment studied the effect of environmental temperature on production traits (weight gain, feed consumption, and feed conversion ratio) as well as body temperature and feather cover of a commercial broiler strain. The association of body temperature and feather cover to these production traits as well as the effects of environmental temperature on this association were also studied.
MATERIALS AND METHODS
Day-old commercial slow-feathering male broilers (Ross × Ross) were placed in floor pens and provided ad libitum access to the University of Georgia broiler starter ration (22.2% protein, 4.5% fat, and 3,067 kcal ME/kg) and water. At 28 d, 216 birds, in each of two replicates over time, were randomly placed in individual cages, which were described in detail by Guill and Washburn (1972) , in a 21 or 32 C controlled environment (108 birds per treatment). From 28 to 49 d, the birds were provided ad libitum access to the University of Georgia broiler finisher ration (21% protein, 7.5% fat, and 3,230 kcal ME/kg) and water. Birds were provided continuous lighting through 49 d.
At 28 d, individual body and feed weights and basal (before heat stress) cloacal temperatures were obtained. Body temperatures were obtained with a thermocouple thermometer 3 inserted approximately 3 cm into the cloaca. The two thermometers used were calibrated before and after obtaining cloacal temperatures on each day samples were obtained. Temperatures were taken during the same 1-h time span on the sampling days so that diurnal fluctuations in body temperature would not affect the results. One-third of the birds were sampled in one temperature environment before sampling the next one-third in the other temperature environment until all birds were sampled. Each day, the beginning environment for sampling was alternated. Body and feed weights were obtained at 35, 42, and 49 d and gain, feed consumption, and feed conversion ratio were calculated. The cloacal temperatures were obtained at 28, 35, 42, 46, 48, and 49 d (Replicate 1) and at 28, 35, 46, 48, and 50 d (Replicate 2). Mortality was recorded daily.
The day after obtaining the final temperatures, 50 (Replicate 1) or 51 d (Replicate 2), the birds were euthanatized by CO 2 asphyxiation and weighed (Weight before). After scalding and removal of feathers, residual feathers were removed by hand. The carcasses were dried by a combination of blotting with paper towels and forced air for a 10-min period. The birds were then weighed (Weight after). Percentage feather weight (feather cover) was calculated by the following procedure: Weight before -Weight after = Feather weight, (Feather weight/Weight before) × 100 = percentage feather weight.
Analysis of variance and correlations between body temperature and the economic traits were conducted using the procedures of SAS ® (SAS Institute, 1985) . Differences between temperatures were analyzed using the General Linear Models (GLM) procedure of SAS ® along with Duncan's multiple range test to separate means (Duncan, 1955) . All statements of significance are based on a probability level of 0.05.
RESULTS AND DISCUSSION

Production Traits
Heat stress temperatures resulted in a significant decrease in gain throughout the experimental period of Replicate 1 and through the 28 to 35 and 35 to 42 d in Replicate 2 (Figure 1 ). The gain for the final week of Replicate 2 was lower in the heat stress environment; however, the difference was not significant due to the decreased growth of birds in the 21 C room. This decreased growth during the 42-to 49-d period may have been due to the large size of the birds in Replicate 2 at 42 d, resulting in difficulty in obtaining sufficient feed and water to continue the rapid gain in the individual cage system. Over the 28-to 49-d experimental period, heat stress of 32 C resulted in a 35% decrease in gain, which is similar to results of other studies, but higher than results obtained by Vo et al. (1978) . Calculations from their data indicated that when birds were reared in temperatures similar to the present study a 20 to 30% decrease in gain was observed. The greater depression in gain would be expected due to the larger size of the broilers used in the present study compared to those used by Vo et al. (1978) . Heat stress temperatures resulted in a significant increase in feed conversion ratio throughout the experimental period of Replicate 1 and through the first 2 wk of Replicate 2 ( Figure 2) ; however, no significant difference was observed in the 3rd wk of Replicate 2 because of the decreased growth of birds in the 21 C room. For the 28-to 49-d experimental period, the birds in the 21 C environment required 2.05 g feed to obtain a 1-g increase in BW as compared to 2.37 g of feed needed by the birds in the 32 C environment. Heat stress resulted in similar increases in feed conversion ratio in the studies of Bottje and Harrison (1985) and Suk and Washburn (1995) . The mean weekly feed conversion ratio in both environments increased throughout the experimental period of both replicates with one exception caused by an unusually high 28 to 35 d feed conversion ratio in the 32 C environment of Replicate 2. The trend of increasing feed conversion ratio with age was observed as decreasing efficiency of feed utilization by Barrot and Pringle (1950) . Heat stress of 32 C throughout the experimental period did not affect mortality. Mortality was very low in all groups (one dead in 21 C environment and two dead in the 32 C environment in Replicate 1 and no deaths in Replicate 2). Similar results were obtained for similar temperatures by Deaton et al. (1968) and Vo et al. (1977 Vo et al. ( , 1978 .
Feather Cover
Feather cover was significantly reduced in the 32 C environment in both replicates, 6.22 vs 5.03% in Replicate 1, and 6.93 vs 6.32% in Replicate 2. Feather cover was not significantly correlated with any of the economic traits (BW, gain, feed consumption, or feed conversion ratio) nor was feather cover correlated with body temperature at any age in the normal environment (21 C) of Replicate 1 or in either environment of Replicate 2. These non-significant correlations are not presented. Feather cover was significantly correlated with 49-d BW (0.42), overall gain (0.39), and overall feed conversion ratio (-0.47) in the 32 C environment of Replicate 1. These correlations between feather cover, in the 32 C environment of Replicate 1, and the economic traits were similar to those seen in the study by Cahaner et al. (1993) . Using a naked neck line backcrossed to commercial broiler sire lines, they found that decreased feather cover was associated with increased body weight gains in normal temperatures, with increasing benefit as environmental temperatures increased. Although we did not observe differences within the 21 C environment due to feather cover, variation among individual feather cover in this study would not be expected to have been as dramatic as those observed by Cahaner et al. (1993) due to their use of the naked neck gene population.
Body Temperature
Heat stress temperature (32 C) resulted in a significant increase in body temperature in both replicates throughout the experimental period (Figure 3) . This relationship between high environmental temperature and increased body temperature agrees with conclusions in many other studies using genetic strains quite different from the broilers used in this study.
Correlations between body temperature and the economic traits of gain, feed consumption, and feed conversion ratio were dependent upon the time in experimental conditions, which cannot be separated from age. In Replicate 1, the correlations between body temperature at 28 d and the data on economic traits obtained during the experimental period were generally low and nonsignificant at all ages and for both normal and heat stress environments in both Replicates 1 and 2 (Tables 1 and 2 ). There was a clear-cut change in the correlations of body temperature after 28 d with gain, feed consumption, and feed conversion ratio in both replicates. In the 21 C environment, the correlations were generally low and were significant in only 2 of 60 correlations (0.24 and 0.26) for Replicate 1. Similar results were observed in Replicate 2 with significance in only 5 of 48 correlations (0.28, 0.28, 0.33, 0.33, and 0.34) over the 28 to 49 d experimental period. In the 32 C environment, the same trend of low (but negative) correlations between body temperature and the economic traits were evident for the early ages (28 to 35 d gain, feed consumption, and feed conversion ratio); however, the correlations between body temperature and the economic traits for the remaining ages became larger and highly significant in both replicates. In Replicate 1, the mean correlation between body temperature (at 35, 42, 46, 48, and 49 d) In Replicate 2, the correlations between body temperature (at 35, 46, 48, and 50 d) and gain, feed consumption, and feed conversion ratio were similar to those of Replicate 1 with the exception of the 42 to 49 d feed conversion ratio, which is probably due to the decreased growth of the birds in Replicate 2 during the 42 to 49 d period. In Replicate 2, the mean correlation between body temperature and the 35 to 42 and 42 to 49 d gain was -0.44 and the median was -0.48 for the 32 C environment, as compared to a mean of 0.17 and a median of 0.21 for the same correlations in the 21 C environment. The mean correlation between body temperature and the 35 to 42 and 42 to 49 d feed consumption was -0.40 and the median was -0.42 for the 32 C environment as compared to a mean of 0.13 and a median of 0.13 for the same correlations in the 21 C environment. The mean correlation between body temperature and the 35 to 42 d feed conversion ratio was 0.43 and the median was 0.37 for the 32 C environment as compared to a mean of 0.02 and a median of 0.02 for the same correlations in the 21 C environment. The mean correlations between the body temperature and the 42 to 49 d feed conversion ratio was 0.00 and the median was 0.01 for the 32 C environment as compared to a mean of -0.15 and a median of -0.16 for the same correlations in the 21 C environment.
These results indicate a lack of association between body temperature and traits of economic importance in broilers in a normal (21 C) environment. However, when exposed to a heat stress environment there is a strong negative correlation between body temperature and traits of economic importance after 1 wk of heat stress exposure.
